Sleep loss during early childhood has multiple consequences, such as poor impulse and emotional control, cognitive disruptions, and obesity. It has also been shown that short sleep duration before age 3 was associated with high hyperactivity scores at 6 years.
A growing body of evidence demonstrates that sleep loss during early childhood has multiple consequences such as tiredness, attentional difficulties, poor impulse and emotional control, cognitive disruptions, and metabolic dysfunctions that lead to obesity. 1 The classic symptoms of inadequate sleep duration in early childhood include a variety of sleepiness symptoms, 1 some of which may manifest as hyperactive behaviors. 2, 3 This is consistent with a previous suggestion that insufficient sleep can be confused with attention-deficit/hyperactivity disorder. 2 Touchette et al 3 (2007) showed that short nighttime sleep duration before 3 years of age was associated with high hyperactivity scores at 6 years. Studies to date have not examined the risk factors associated with the concomitant development of short nighttime sleep-duration and high hyperactivity trajectories from infancy onward. Co-occurrence of these 2 problems and common risk factors suggest a common etiology. Therefore, in a departure from previous studies, we investigated the risk factors for developing sleep problems and hyperactivity concomitantly rather than separately.
Are children with short nighttime sleep duration at greater risk for concurrent hyperactive behaviors, or are hyperactive children at greater risk for short nighttime sleep duration? The first aim of this study was to answer this question by analyzing the developmental trajectories of both nighttime sleep duration and hyperactivity over the preschool years. The second aim was to identify the common risk factors for short nighttime sleep duration and high hyperactivity scores. It is well known that the factors most strongly associated with short nighttime sleep duration in early childhood, regardless of hyperactivity, are parental behaviors surrounding sleep periods. [4] [5] [6] Therefore, we expected short nighttime sleep duration and low hyperactivity scores to be significantly associated with parenting practices that impede the child's sleep autonomy. We also expected more childhood hyperactivity in boys, 7, 8 in children living in low-income families, 9 and in children whose mothers smoked during pregnancy, 7, [10] [11] [12] were depressed, 7, [13] [14] [15] or used hostile parenting practices. 7 Finally, children with sleep problems and high hyperactivity scores have been reported to have difficult temperaments. 10, 11, [13] [14] [15] We therefore hypothesized that the risk factors for short duration sleep with high hyperactivity scores would include: being a boy, having a difficult temperament, living in adverse family conditions, and being subjected to parenting practices that impede sleep autonomy.
METHODS

Setting
This study was conducted as part of the Quebec Longitudinal Study of Child Development (Canada), initiated by the Quebec Institute of Statistics. All children were recruited from the Quebec Master Birth Registry, which is managed by Quebec's Department of Health and Social Services.
Participants
Initially, 2223 families participated in the Quebec Longitudinal Study of Child Development. Children were assessed yearly from 5 months to 5 years of age. Responses were available from 2057 of the selected households, for an overall response rate of 92.5%. Demographically, 89.2% of the sample (n ϭ 2057) had a nonimmigrant mother, and 10.8% had a first-generation immigrant mother. The majority of mothers were white (92.1%). The remainder of the sample comprised 2.3%, 0.3%, 1.3%, 0.3%, and 3.7% Black African, Native Amerindian, Arab, Asian, and "other ethnicity" mothers, respectively. All families received detailed information by mail on the research aims and procedures, and signed a consent form. The protocol was approved by the ethics committees of the University of Montreal, Ste-Justine Hospital, Sacré -Coeur Hospital, and the Quebec Institute of Statistics.
Outcome Variables
Sleep-Duration Measures
Nighttime sleep duration was measured yearly from age 2.5 to 5 years by using an open question from the Selfadministered Questionnaire for Mother: "Indicate how long in total he/she sleeps during the night (on average). Do not count the hours that your child is awake."
Hyperactivity Scores
Hyperactive behaviors were reported by mothers using the Interviewer Completed Computerized Questionnaire. Hyperactivity scores were measured by a set of 6 questions yearly, from age 1.5 to 5 years: "In the past 3 months, how often would you say your child (1) was restless or hyperactive? (2) couldn't stop fidgeting? (3) was impulsive or acted without thinking? (4) had difficulty waiting for his/her turn at games? (5) couldn't settle down to do anything? or (6) couldn't wait when you promised something?" Answers were categorized as never (0), sometimes (1), or often (2), and items were summed. The scale ranged from 0 (never hyperactive on any item) to 10 (often hyperactive on all items). Scores were used to develop hyperactivity trajectories.
Potential Risk Factors
Potential risk factors associated with concomitant trajectories of short nighttime sleep duration and high hyperactivity scores were assessed by using the aforementioned question-naires. Each risk factor was dichotomized, except for parental behaviors after nocturnal awakenings, which was divided into 3 categories.
Child Characteristics
Child characteristics observed included gender, temperament, and nocturnal awakenings. Child temperament was rated by the mother using 7 items from the difficult-temperament scale of the Infant Characteristics Questionnaire at 5 months of age. Each item was scored from 1 to 7 (eg, how often it was difficult to calm or soothe the child) and dichotomized into difficult temperament (mean Ͼ 4) or not (mean Յ 4). The number of nocturnal awakenings per night at 1.5 years of age was measured by using the selfadministered questionnaire and dichotomized as either 1 or more awakenings per night or fewer than 1 awakening per night.
Maternal and Family Characteristics
Maternal immigrant status was coded as nonimmigrant versus immigrant (born in Canada or not). Maternal education was coded as having a high school diploma or not. Maternal depression was assessed when the child was 2.5 years of age by using the lifetime-depression section of the Diagnostic Interview Schedule. 16 Mothers who reported at least 1 major depressive episode in their lifetime were distinguished from those who did not. Maternal antisocial behaviors before finishing high school (eg, if they had been involved in Ͼ1 fight) were assessed when the child was 5 months of age. Most mothers (80%) reported fewer than 2 antisocial items before finishing high school. The cutoff used was 2 or more reported antisocial items. Maternal smoking during pregnancy was obtained from maternal reports. Household income was calculated by Statistics Canada on the basis of 3 indicators when the child was 5 months of age: family income, number of people in the household, and family's geographic area of residence. A family was considered to have insufficient income if it was likely to spend 20% more of its income on food, shelter, and clothing than the average family, leaving less income available for other expenses such as health care, education, transportation, and recreation.
Parental Behaviors Surrounding Sleep Periods
The self-administered questionnaire measured parental behaviors surrounding the child's sleep periods at 1.5 years of age. One risk factor was parental presence at bedtime, or lulling the child until he or she fell asleep, versus letting the child fall asleep alone. The risk factor in response to a nocturnal awakening was comforting the child outside bed versus comforting the child in bed. Cosleeping was defined as the child sharing a room or bed with the parents or siblings versus sleeping alone. Maternal overprotectiveness was coded as reporting a score of Ն2 SDs above the mean versus Ͻ2 SDs above the mean.
Statistical Analyses
Developmental Trajectories
Using a semiparametric group-based trajectory method, we assigned each child to a trajectory. [17] [18] [19] The optimal number of trajectory shapes that best fit the data were selected on the basis of maximization of the Bayesian information criteria assessed by "proc traj," an SAS (SAS Institute, Inc, Cary, NC) procedure. 17 
Association Between Nighttime Sleep-Duration and Hyperactivity Trajectories
A joint trajectory analysis was performed to test the overlap between nighttime sleep-duration and hyperactivity trajectories because it is the best method for examining 2 developmental patterns simultaneously. It allows the identification of groups of individuals with similar developmental pathways and takes into account population heterogeneity over time. The key outputs are joint and conditional probabilities. Joint probabilities are the estimated percentages of children belonging simultaneously to nighttime sleep-duration and hyperactivity trajectories. Conditional probabilities include 2 sets of results: the probability of a nighttime sleep-duration trajectory conditional on a given hyperactivity trajectory and the conditional probability of a hyperactivity trajectory on a given nighttime sleepduration trajectory.
Two bivariate logistic regressions were performed to determine the associations between nighttime sleepduration and hyperactivity trajectories: (1) hyperactivity scores (high versus low/moderate) as a function of a nighttime sleep-duration trajectory and (2) short nighttime sleep duration (persistent/increasing) versus long nighttime sleep as a function of a hyperactivity trajectory.
Risk Factors
Logistic regressions were performed to explore associations between potential risk factors (dependent variables) and the 12 joint trajectory groups. For each logistic regression, the reference group comprised the 11-hour persistent sleepers with low/ moderate hyperactivity scores. The percentages of each potential risk factor in relation to each of the 12 joint trajectory groups were obtained. A multinomial logistic regression was then performed to examine which factors were associated with children who reported short nighttime sleep duration and high hyperactivity scores among selected variables. To do so, we contrasted 4 groups with the reference group, defined as 10-or 11-hour persistent nighttime sleepers with low/moderate hyperactivity scores. A significant risk factor was defined as an odds ratio (OR) and lower bound of the confidence intervals (CIs) of Ͼ1. Statistical significance for all analyses was set at P Ͻ .05. Table 1 presents the means and frequencies for each outcome variable according to time of assessment. Figure 1 shows the final trajectory models of nighttime sleep duration (A) and hyperactivity (B). We obtained 4 nighttime sleep-duration trajectories: 
RESULTS
Developmental Trajectories of Nighttime Sleep Duration and Hyperactivity
(1) short-persistent (5.1% [n ϭ 104]); (2) short-increasing (4.9% [n ϭ 100]),
Associations Between Nighttime Sleep-Duration and Hyperactivity Trajectories
A 2 test revealed that nighttime sleepduration and hyperactivity trajectories were significantly associated ( 2 ϭ 75.1; P Ͻ .001). The first part of Table 2 presents the percentages of children in the 12 joint trajectory groups. The second part presents the children's conditional probabilities of nighttime sleep-duration for a given hyperactivity trajectory. Children with low hyper-
FIGURE 1
Developmental trajectories in a sample of 2057 children of nighttime sleep-duration trajectories from 2.5 to 5 years of age (A) and hyperactivity trajectories from 1.5 to 5 years of age (B). Data are courtesy of the Quebec Institute of Statistics. e988 TOUCHETTE et al activity scores are most likely to present an 11-hour persistent nighttime sleep-duration trajectory (probability ϭ 0.36). Children with high hyperactivity scores are most likely to present a short-persistent nighttime sleep-duration trajectory (probability ϭ 0.35). The third part presents the conditional probabilities of hyperactivity for a given nighttime sleepduration trajectory. Short-persistent nighttime sleepers are most likely to show high hyperactivity scores (probability ϭ 0.12). Finally, children who showed an 11-hour persistent nighttime sleep-duration trajectory were most likely to show low hyperactivity scores (probability ϭ 0.45). The risk of a short sleep-duration trajectory in highly hyperactive children is stronger than the risk of high hyperactivity scores in short-duration sleepers; the difference between the 2 risks (0.34 Ϫ 0.12 ϭ 0.22 [CI: 0.13-0.31]) is significant (P Ͻ .0001). Figure 2A shows the percentages of children in the various hyperactivity trajectories as a function of the nighttime sleep-duration trajectory. Compared with the 11-hour persistent nighttime sleep-duration trajectory, the ORs for high hyperactivity scores are 4.2 times (CI: 2.7-6.6; P Ͻ .0001) higher in the short-persistent nighttime sleep-duration trajectory and 2.2-fold higher (CI: 1.3-3.5; P ϭ .003) in the short-increasing nighttime sleepduration trajectory. Figure 2B presents the percentages of children in the various nighttime sleep-duration trajectories as a function of the hyperactivity trajectory. Compared with the low hyperactivity trajectory, the odds for short nighttime sleep-duration trajectory (both persistent and shortincreasing) are 5.1 times (CI: 3.2-7.9; P Ͻ .0001) higher in the high hyperactivity trajectory and 1.9 higher (CI: 1.3-2.9; P ϭ .002) in the moderate hyperactivity trajectory. 
Risk Factors
DISCUSSION
This is the first study of a large population sample of children to identify risk factors for the co-occurrence of short nighttime sleep duration and high hyperactivity scores during the first 5 years of life. Two main findings emerged. First, nighttime sleepduration and hyperactivity trajectories were highly correlated. One particularly important finding is that the risk of a short sleep-duration trajectory in highly hyperactive children was stronger than the risk of high hyperactivity scores in short-duration sleepers. It is well known that short nighttime sleep duration can induce sleepiness 1 and that sleepiness can manifest as hyperactivity in children. 2 However, less is known about the potential association between hyperactivity and nighttime sleep disturbances. 20, 21 Because of the correlational nature of this study, we cannot infer causality; however, the results suggest that hyperactivity problems may interfere with nighttime sleep duration more than sleep problems lead to high hyperactivity scores.
Children with short sleep duration and high hyperactivity scores were generally boys living in adverse family conditions with insufficient income and having mothers with low education. These factors are consistent with previous studies on risk factors for hyperactivity. [7] [8] [9] We found 1 factor associated with poor sleep consolidation, 4 namely, being comforted outside the bed after a nocturnal awakening (eg, feeding the child, being brought into the parents' beds, or being rocked outside the bed) at 1.5 years of age. This could be explained in 2 ways: (1) fragmented sleep could lead to sleepiness, which in turn could increase hyperactivity; and/or (2) highly hyperactive children
FIGURE 2
A, A logistic regression was performed to measure the distribution of hyperactivity (HYP) trajectories (high versus low and moderate) as a function of the 4 nighttime sleep-duration trajectories (P Ͻ .001). B, A logistic regression was performed to measure the distribution of short nighttime sleep-duration trajectories (persistent/increasing) versus long nighttime sleep-duration trajectories (10 and 11 hours) as a function of the 3 hyperactivity trajectories (P Ͻ .001). Data are courtesy of the Quebec Institute of Statistics.
with short nighttime sleep duration could make a stronger demand to be comforted outside the bed. No association was found between difficult temperament at 5 months and concomitant short-sleep-duration and high hyperactivity trajectories. Future studies should use physiologic measures to investigate temperament related to hyperactive short-duration sleepers.
As expected, being male was associated with exhibiting high hyperactivity scores but reporting a long nighttime sleep-duration trajectory. 7, 8 The second most strongly associated factor was maternal smoking during pregnancy, which increased the risk of belonging to this group by 1.8 times. Previous studies have also reported a significant association between maternal smoking during pregnancy and hyperactivity. 7, 11, 12 Moreover, infants exposed to maternal smoking have shown decreased spontaneous and evoked arousability from sleep, which could result in longer sleep duration. 22 As suggested by previous studies, 7,9,13-15 high hyperactivity scores regardless of sleep problems was associated with adverse family conditions such as insufficient income, maternal antisocial characteristics, and maternal depression status.
A larger proportion of children with short sleep-duration patterns and low/ moderate hyperactivity scores were subjected to parenting practices that impede sleep autonomy. First, we found that not sleeping alone in early age increased the risk for a shortpersistent nighttime sleep-duration trajectory. 5 Second, we found that a high score on the maternal overprotectiveness scale when the child was 1.5 years of age was associated with a short-increasing nighttime sleepduration trajectory and low/moderate hyperactivity scores. It was previously found that maternal cognitions related to difficulty with limit-setting were as- 10-h P Gr3 (n ϭ 137)
11-h P Gr4 (n ϭ 104)
Short-I Gr10 (n ϭ 11)
10-h P Gr11 (n ϭ 306) Gr indicates group; short-P, short-persistent sleepers; short-I, short-increasing sleepers; 10-h P, 10-hour persistent sleepers; 11-h P, 11-hour persistent sleepers.
a Short-persistent sleepers with high hyperactivity scores.
b
The reference group for each logistic regression comprised 11-hour persistent sleepers with low hyperactivity scores. sociated with infant sleep problems. 23 Third, it is important to emphasize that short-persistent duration sleepers with low/moderate hyperactivity scores were more likely to live in families with insufficient income. The influence of poverty on short-persistent nighttime sleep duration could be explained by others factors not measured in the present study, such as a noisy environment during the night.
This study has a number of strengths including the use of a large population sample and longitudinal assessments of nighttime sleep duration and hyperactivity in early childhood. However, some limitations should be noted. First, the correlational design does not allow causal inferences. Second, the mother's perceptions of her child could have contributed to bias in the findings. Fortunately, nighttime sleep duration assessed by maternal reports typically shows good agreement with actigraphy measures. [24] [25] [26] Finally, because most of the participants were nonimmigrant Frenchspeaking whites, the findings should be replicated in other populations.
CONCLUSIONS
The results of this study show that boys from poor families are particularly at risk for short nighttime sleep duration coupled with high hyperactivity scores. Preventive interventions that target boys living in adverse familial conditions could be used to address these 2 concomitant behavioral problems. Experimental studies are needed to test whether these boys could benefit from interventions aimed at reducing hyperactivity and consequently improving nighttime sleep duration. 
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